Introduction
TKA relieves pain and improves function in patients with end-stage osteoarthritis of the knee [6, 7] . Over the years, improvements in surgical technique, anesthesia and postoperative pain management, and postoperative rehabilitation have improved the overall experience of patients undergoing TKA [14] . However, a substantial number of patients still remain dissatisfied after surgery [15] . Bourne et al. [3] reported nearly one in five patients remained unhappy after a TKA believed by the surgeon to have been performed well. The reasons for dissatisfaction included expectations not being met, manifested by a low 1-year WOMAC score; preoperative pain at rest; or functional limitations, such as difficulty on stairs or getting up from a chair. It is generally believed, if the prosthesis is placed and fitted properly, there is a better chance for better patient satisfaction and Each author certifies that he has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements) that might pose a conflict of interest in connection with the submitted article. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained.
improved functional outcomes, such as pain relief and ROM [1, 2, 8, 21] . The problem arises when we ask what the proper placement and fit are for a specific component.
All surgeons who perform TKA have specific technical goals they expect to achieve at the time of surgery, including such considerations as appropriate alignment, stability in extension and flexion, improved ROM, appropriate rotation, and secure patellar tracking. During surgery, whether consciously or unconsciously, we frequently evaluate our patients' knees based on our preferred/chosen technical factors. Many technical factors, such as alignment, component balance [5, 21] , rotation [1, 12, 18] , and patellar tracking [2] , have been documented in the literature; they usually have been related to overall survivorship [19, 20] but rarely to patient satisfaction or individual functional outcome measures and usually have not been quantified. However, many other technical factors, such as size/fit, placement, and bone quality or loss, have not been evaluated or quantified for individual patients.
In general, we try to reproduce the average mechanical axis but do not know whether this is best for a given individual [8] [9] [10] 16] . Component rotation is important for patellar tracking, but there are divergent opinions on how to best determine and measure rotation [2] . We aim for equal flexion and extension gaps and equal medial and lateral laxity in both flexion and extension [1, 4, 5, 10, 12] but disagree on how best to achieve this balance and how much residual laxity is acceptable and compatible with high patient satisfaction and Knee Society score (KSS). We do not know whether one factor is more important than another; how much variance is consistent with such outcomes as patient satisfaction, stability, improved ROM, and pain relief; and which of these factors is most important for any individual patient.
We could not find any information in the literature to guide the surgeon as to which of the many technical quality factors are most important and for which patient. How precisely technical factors affect the quality of the TKA are rarely discussed in the medical literature. To evaluate the technical quality of our surgical procedure, we need to know whether our perceptions that these technical factors were achieved at the time of surgery were correct and whether they translate into patient satisfaction, pain relief, ROM, and durability. Simply stated, ''Do we know what makes a good TKA?' ' We therefore (1) determined whether an experienced surgeon could predict the KSS of a TKA by comparing perceived low technical quality (downgraded) TKAs to TKAs believed to be technically high quality (routine TKAs); (2) identified technical factors associated with dissatisfied patients with continued pain or instability; and (3) determined whether the technical quality achieved is affected by degree of difficulty.
Patients and Methods
We reviewed the medical records of all 1050 patients undergoing 1193 primary TKAs performed by a single surgeon (PAL) between 2000 and 2004. There were 498 men and 595 women with an average age of 66 years (range, 40-88 years). The most common preoperative diagnosis was osteoarthritis (n = 1038), followed by inflammatory arthritis (n = 96) and posttraumatic arthritis (n = 50). We followed all patients a minimum of 24 months (average, 48 months; range, 24-60 months). No patients were lost to followup. No patients were recalled specifically for this study; all data were from our prospectively collected database.
The knee was approached via a standard medial parapatellar approach. The proximal tibia was cut perpendicular to its axis and the femoral component rotation was set using a combination of landmarks, including the transepicondylar axis and the posterior condylar axis. The flexion and extension gaps were balanced using a measured resection technique and spacer blocks, and the tibial component rotation was set at the junction of the middle and medial thirds of the tibial tubercle. Throughout the study period, the following implants were used: Intraoperatively, the surgeon rated the technical quality of each TKA operation, considering 15 technical factors (Table 1 ) on a scale of 1 to 10, with 10 being the highest quality (technical quality score). In this series, the technical quality score of a ''routine'' TKA averaged 8.5 (range, 8.0-9.5). We considered anything with a technical quality score of less than 8.0 ''downgraded'' and less than 6.5 ''severely compromised.'' We divided the knees into three groups: (1) routine knees with technical quality scores of greater than 8.0 (n = 1054; Group I), (2) downgraded knees with technical quality scores of between 6.6 and 7.9 (n = 124; Group II), and (3) severely compromised knees with technical quality scores of less than 6.5 (n = 15; Group III) ( Table 2 ). The most common reasons for a TKA to be downgraded in technical quality included medial laxity (n = 52), flexion/extension/rotation mismatch (n = 17), substantial bone loss (n = 10), and flexion contracture (n = 7) ( Table 3 ). The knees in Group III showed obvious deficiencies in technical quality that could affect early outcome; the reasons for downgrades included medial laxity (n = 8), flexion/extension/rotation mismatch (n = 4), substantial bone loss (n = 3), fracture nonunion/malunion (n = 2), osteoporosis and osteopenia (n = 3), limited flexion (n = 3), lateral laxity (n = 2), and congenital deformity (n = 1).
In addition, each operation was also graded for the degree of difficulty, considering posttraumatic conditions, ligament deficiencies, prior knee surgeries, and severe deformities on a scale of 1 to 10, with 10 being the most difficult (degree of difficulty score). The degree of difficulty score for the entire group averaged 7.5 (range, 7-10), with the most difficult knees receiving ratings of greater than 9.5 (n = 20).
Postoperatively, the patients were followed at regular intervals (6 weeks, 3 months, 1 year, 2 years, and 5 years). A trained physician assistant (JK, NP) evaluated all patients using the Knee Society clinical and functional rating systems independent of the surgeon (PAL) [11] . Standard-length radiographs of the knee were reviewed for tibiofemoral alignment, radiolucent lines, and evidence of component loosening. At last followup, for the entire group, the KSS for pain averaged 93 points (range, 44-99 points) and the functional score averaged 90 points (range, 40-95 points).
We compared knees with downgrades in technical quality scores (Group II, n = 124) to knees with no technical quality downgrades (Group I, n = 1054) in terms of clinical and functional KSSs, postoperative ROM, and postoperative alignment. We plotted the distribution of ROM and KSS for pain and function (our primary outcomes of interest) on a histogram, and they were normally distributed. Additionally, we performed a Levene test for equality of variance to ensure relative homogeneity of variance. We determined the differences in ROM and alignment between these two groups using Student's t test. A one-way ANOVA was conducted to compare the KSS for pain and function between patients in each of the three groups. We plotted the KSSs for pain and function for the patients with severe downgrades in technical scores (\ 6.5) on a histogram and found they were normally distributed. In the event of a statistically significant result, we performed a post hoc comparison using the Tukey Honestly Significant Difference (HSD) test. We further reviewed in detail the operative data in the Group III knees to look for patterns of ''missed'' technical factors leading to downgrades to identify technical factors or combinations thereof that may be associated with higher risk of failure. Finally, we looked for differences in the degree of difficulty scores among the three groups using one-way ANOVA. Statistical analysis was performed using SPSS 1 Version 16.0 (SPSS Inc, Chicago, IL).
Results
The surgeon could not predict the postoperative KSS unless there were serious compromises in surgical technical quality at the time of surgery. When comparing Group I to For each TKA, the surgeon considered and intraoperatively rated his ability to address these technical factors; in each case, a failure to satisfactorily address each technical factor led to a downgrade in the technical quality score. Group II, there were no differences in the postoperative KSSs for pain and function. The mean clinical KSSs were similar (p = 0.62) in Groups I (93) and II (90) (range, 50-95), as were the mean functional KSSs (Group I, 90; Group II, 89; range, 40-95) (p = 0.47) (Table 4 ). Furthermore, there were no differences in the postoperative alignment and ROM between Groups I and II (Table 5 ). There were differences in the KSS for pain [F(2,1190) = 7.031, p = 0.001] and function [F(2,1190) = 24.266, p = 0.000] among the three groups. Post hoc comparisons among the groups using the Tukey HSD test indicated the 15 knees in Group III had lower average clinical and functional KSSs (78 and 67 points, respectively) compared to Group I [KSS clinical (p = 0.01), KSS function (p \ 0.001)] and Group II [KSS clinical (p = 0.03), KSS function (p \ 0.001)] ( Table 6 ). In this group, 12 of the 15 (80%) knees had more than one listed reason for downgrade compared to only 13 of 124 (10%) in Group II.
There were differences in the degree of difficulty score among the three groups [F(2,1190) = 73.032, p = 0.000]. The degree of difficulty of the procedures for the 1054 Group I knees averaged 7.8 (range, 7-7.9). The average degree of difficulty for the most challenging knees was 8.7 (range, 8.0-10). Post hoc comparisons among the groups using the Tukey HSD test indicated there was no difference (p = 0.43) in the degree of difficulty score between Groups I (7.8) and II (8.1). However, the 15 knees in Group III had more complex TKAs compared to Groups I (p = 0.01) and Group II (p = 0.01) ( Table 7) .
Discussion
All knee surgeons have specific technical goals they expect to achieve at the time of surgery. During surgery, whether consciously or unconsciously, we frequently evaluate our patients' knees based on technical factors. In general, we try to reproduce the average mechanical axis but do not know whether this is best for a given individual. We appreciate component rotation is important for patellar tracking, but there are divergent opinions on how to best determine and measure rotation. We aim for equal flexion and extension gaps and equal medial and lateral laxity but disagree on how best to achieve this balance and how much residual laxity is acceptable. The issues of how these technical factors affect the quality of the TKA have not been discussed in the literature. To evaluate the quality of our surgical procedure, we need to know whether our perceptions of how successfully we achieved our perceived quality technical factors at the time of surgery translate into clinical ratings (ie, KSS). Therefore, we (1) determined whether an experienced surgeon can predict the outcome of a TKA by comparing perceived low-quality (downgraded) TKAs to TKAs believed to be technically high quality There are several limitations to this study. First, this observational study is limited by the absence of a standardized scoring system for each intraoperative assessment. Therefore, while the technical quality scores, reasons for downgrades, and eventual KSSs were collected prospectively, we were not able to assess how each downgraded technical quality factor contributed to the patient's eventual KSS. Second, our study is based on a large series of a single surgeon's subjective impressions of the quality of TKA based on technical factors achieved during surgery, and these ratings were not quantified or based on a previously validated objective rating system. Therefore, it would be difficult to extrapolate our results onto another surgeon's clinical experience or patient population. However, while the subjective nature of our methods can introduce inconsistency and variability, the combination of a robust series of patients and a single surgeon who performed all the TKAs and technical quality ratings at the time of surgery likely improves the consistency of these observations. Third, the long-term function and durability of the downgraded TKAs are unknown. Finally, our results are solely measured using the KSSs for pain and function, which may not clearly correlate with patient satisfaction [3] . However, to fully evaluate the impact of each technical factor toward the eventual success or failure of each TKA, any scoring system would have to quantify and evaluate each deficiency at the time of surgery and follow each patient prospectively to failure. Thus, the number of patients and the proper study required to appropriately validate such a scoring system would be a prospective multicenter trial taking into account previously validated outcome measures. We recognize these drawbacks but hope this study raises the appropriate questions and serves as a foundation for future studies on this important topic.
We found one surgeon's impression at the time of surgery did not predict the postoperative function of a TKA. Patients with downgraded (low-quality) TKAs did as well as patients with no downgrades (routine TKAs). At shortterm followup, there was no difference in clinical and functional KSSs between downgraded and routine TKAs. The principal reasons for downgrade were residual medial laxity, flexion/extension gaps mismatch, and suboptimal component rotation. While there is no consensus about the optimal laxity or alignment after TKA, equal rectangular extension and flexion gaps are considered desirable to ensure proper kinematics in TKA [4, 5, 8, 10] . Several studies have reported good clinical results even in the setting of some residual laxity. This study would support that observation, and unless markedly unstable, lesser degrees of medial laxity do not appear to affect the KSS. Winemaker [21] reported a series of 83 TKAs performed using a ligament tensor. In the majority (n = 76), gap symmetry and stability were achieved to within 3 mm, and in seven knees, there were laxity and asymmetric gaps of greater than 3 mm. At short-term followup, there was no difference in KSS between the two groups. Lee et al. [13] also reported a substantial number of outliers (gap differences [ 3 mm between medial and lateral sides) in up to 25% of knees performed using conventionally measured resection techniques compared to knees performed using computer navigation and have advocated the use of gapbalancing technique or computerized navigation. However, these authors did not find differences in the KSSs between the knees performed using conventionally measured resection and the more precisely balanced TKA performed using computer navigation [13] . There may be various reasons a downgraded TKA did not relate to the KSS. First, the modern TKA is robust and forgiving and can kinematically accommodate slight differences in both coronal and sagittal plane imbalance. Second, current KSS outcome instruments are not sensitive enough to detect subtle differences. The Knee Society recognized this and developed new outcome instruments to more accurately measure the results in younger, more active patients [17] . Therefore, we may not yet have developed the tools capable of measuring subtle differences in technical quality between TKAs. Third, we do not know which technical factors are most important and how much variance from a perceived technical goal is still associated with a good KSS. As noted above, moderate medial laxity is compatible with an uncompromised KSS.
While most TKAs downgraded for technical quality did not have differences in KSSs from those with no downgrades, 15 knees had substantial compromises in technical factors achieved during TKA and received technical quality scores of less than 6.5. Many of these knees had multiple reasons for downgrade (80%) compared to the minor downgrade group (10%), and the additive effect of multiple deficiencies may play an important role in diminishing the KSS. We did not quantify these deficiencies and therefore cannot define the minimum threshold that makes an acceptable TKA. Nevertheless, these observations show large and multiple deviations in the subjective perceptions of technical quality can translate into low KSSs postoperatively.
Our observations suggest the complexity and degree of difficulty of each TKA can affect the technical quality of each surgery. While we found no difference in the mean degree of difficulty score between routine TKAs and mild technically downgraded TKAs, the 15 most technically compromised knees had higher degree of difficulty scores. Technically challenging cases with substantial bone loss, restricted preoperative and intraoperative motion, ligament insufficiency, and severe deformity and laxity expectedly performed poorly. These patients had lower KSSs compared to TKAs with no or minor downgrades. Consequently, the success or failure of TKA depends not only on technical factors achieved during the time of surgery (surgeon factors) but also on host factors that can affect how successful we are at achieving each of these factors.
Based on these findings, we propose a system for rating the technical quality achieved during TKA (Appendix 1). It weights the most common and potentially important imperfections possibly compromising TKA function and patient satisfaction, such as flexion-extension gap balance, component rotation, ligament stability, and patellar tracking, and also incorporates host factors, such as degree of deformity and bone and soft tissue quality, to derive a quantifiable technical quality score. It is our hope that our future studies will prospectively validate this tool and further help understand the importance of each of these technical quality factors to the making of a good TKA.
Dr. John Insall, one of the founding fathers of TKA, once spoke of the art and science of TKA as a process that involves choices and compromises [9] . Through the years, we have learned certain technical quality factors, such as ligament balance and component rotation, can affect the long-term success of TKA, but we do not know how each of these technical quality factors contribute to this equation. In our series, TKAs with perceived minor technical quality downgrades performed equally well in the short term as TKAs without any shortcomings in quality. Consequently, we must question whether we know what the key factors for success are for a given patient. While, as a group, current TKA is effective at relieving pain and improving function, it is far from perfect, and many patients remain dissatisfied. Thus, more study is needed to understand the key contributors for success during TKA. Major Deductions:
1. Alignment 2°-7°valgus (173°-178°) 0
Every 5°deviation is another À5 deduction À5 to À15
Flexion-Extension Gap Balance (laxity in flexion)
Flexion gap equals extension gap 0
Flexion gap is \ 2-6 mm greater than extension gap À10
Flexion gap is more than 6 mm greater than extension gap Patella tilts or subluxes laterally without dislocation À5 to À10
Patella requires wide release to prevent dislocation À15
Range of Motion

Extension
Full extension 0
Lacks full extension \ 10°À5
Lacks full extension [ 10°À15
Flexion
Flexion 90°-115°with gravity À5
Flexion \ 90°with gravity À15
Minor Deductions:
Component Size/Fit
Component sized appropriately for host bone 0
Component overhangs medial or lateral to bone À1 to À5
Component Position
Components centrally positioned 0
Components positioned eccentrically without overhang À1 to À5
Components positioned eccentrically with overhang À1 to À5
Bone Quality
Adequate bone quality 0
Poor bone support (quality/loss) À5 to À20 Abnormal soft tissue sleeve À1 to À5
Prior surgical scars/adhesions compromising quality À1 to À5
Extensor mechanism problem (tenuous to absent) À1 to À20
Total Deductions:
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